INTRODUCTION
It has been accepted that in vitro development of mammalian embryos is mostly accompanied by increased reactive oxygen species (ROS) production 1 . ROS generation may be still more enhanced during the freezing, cryopreservation and thawing procedures 2 . Since we have had a unique oportunity to investigate human embryos which were cryopreserved for a long time period and then could not be transferred, the aim of this study was to detect the sites of ROS production partly immediately after their thawing and partly after subsequent culture. For identification of ROS generation sites, cytochemical demonstration of hydrogen peroxide (one of the three main ROS) was used.
MATERIALS AND METHODS
A total number of 52 two-and four-cell embryos cryoprotected by 1,2-propanediol, frozen in Planer Kryo F10, and stored for five or more years in liquid nitrogen were thawed and a part were cultured under standard conditions for a time period of 48 or 72 h. Embryos were prepared by standard protocol for transmission electron microscopy either immediately after thawing (12) or after cultivation (40). In the course of this procedure, H 2 O 2 was detected using cerium chloride medium 3 . Generation of H 2 O 2 was evidenced by the formation of electron dense granules of cerium perhydroxides.
RESULTS
In the group of embryos processed immediately after thawing, the embryos showing normal submicroscopic structure did not produce any H 2 O 2 . Its production was regularly demonstrated in all embryos with signs of degeneration or fragmentation. Major and mostly sole intracellular sources of H 2 O 2 were mitochondria (Fig. 1) . Sometimes, massive amounts of H 2 O 2 and their release were discovered on damaged cell membranes of some blastomeres or cell fragments.
After thawing and culture, well developed blastocysts (about 10 % of embryos) occurred only in the group of four-cell cryostoraged embryos. Both the trophectoderm and inner cells did not produce H 2 O 2 in such blastocysts (Fig. 2) . In developmentally retarded embryos, the injured (Fig. 3) and dying (Fig. 4) cells were identified as sources of a massive H 2 O 2 production. Major intracellular sites of H 2 O 2 production were cell membranes (Fig. 3) in damaged (mostly necrotic) cells. In late phases of necrosis, the H 2 O 2 was detected often elsewhere in the nucleus and cytoplasm (Fig. 4) 
